Attiéké is fermented cassava semolina steamed and consumed with proteins and vegetables. From Ivorian traditional origin, its popularity is increasing in Africa and production networks are developing. However, the growth of attiéké industry is still curbed by lack of technical skills of producers and irregular quality, depending on cassava variety, processing and inoculum. In the present study, a traditional inoculum and four cassava varieties (two improved local (IAC and Bonoua) and two improved sweet ones from Nigeria (Olekanga and TMS 4 (2) 1425)) were used for producing attiéké Ebrié. For the sensorial evaluation of prepared attiéké, qualitative sensory profiling was used. The sensory quality descriptors where quantitatively measured by a trained sensory panel. With this method the most important quality criteria of attiéké were judged. These quality criteria were selected with the aid of surveys on its production and consumption. The relationships between sensory attributes of the four attiéké prepared of the different cassava varieties and biochemical characteristics were studied. Sensory analysis revealed that the four attiéké were cream-colored products with sweet and/or sour tastes, made of cohesive and well-formed grains of different sizes, with an odor of fermentation specific to attiéké and showing a firm texture. The differences between sensory profiles of the four attiéké produced from four cassava varieties (12 months growth) concern only some descriptors of quality. Pearson correlation coefficients between physicochemical descriptors of quality showed that biochemical parameters may help predict organoleptic characteristics of attiéké Ebrié (pH-size of grains: r = 0.99; pH-acidity: r = −0.92; acid- 
Food and Nutrition Sciences slight aroma of fermentation. The absence of fibers and the more or less sticky, elastic, pasty and dry character of attiéké determine the choice of consumers [4] .
Attiéké has been analyzed at production, economic, physicochemical and microbiological levels [2] [5] [10] [11] [12] [13] .
For attiéké, most sensory studies concentrated on hedonic evaluation [4] [14] [15] [16] . However, in the present study the more objective quantitative sensory profiling method has been used because of limited data on the organoleptic characterization of attieké.
This present work is part of research for the improvement of the quality of Ivorian traditional attiéké. The physicochemical and microbiological characteristics of attiéké ebrié prepared from four varieties of cassava have already been reported [17] . The present study concentrates on sensory analysis of this product. Furthermore cassava varieties that can be transformed into reproducible attiéké of desired organoleptic quality were determined.
For the sensory evaluation of attiéké quality criteria considered as important were identified and quantified by sensory analysis. The biochemical parameters were used as indicators of sensory properties identified.
Material and Methods

Plant Material
Sensory and hedonic measurements were performed on attiéké Ebrié prepared from four cassava varieties, including two improved local (Bonoua and IAC) and two improved ones from Nigeria (TMS 4 (2) 1425) and Olekanga (also known as TME 9) that were harvested at 12 months of age in a farm near the village of Bringakro in Central Côte d'Ivoire (about 440 km from Abidjan), (Table 1) . The variety IAC served as a control for the various treatments performed. Attiéké was processed from Cassava, two days post-harvest.
Technological Treatment of Attiéké
The studied attiéké were prepared according to the manufacturing process For the investigation, each producer prepared the traditional inoculum from only one cassava variety. Attiéké from the four varieties was prepared simultaneously by the two processors.
Sampling for Biochemical Analysis
Biochemicals included pH, acidity, rates of starch, total and reducing sugars, cyanide were studied for the finished product, attiéké. For analyses, 12 samples (3 samples/variety) were collected for 3 sessions (3 repetitions), [17] .
Sampling for Sensorial and Hedonic Analysis
The sampling was performed during three successive sessions of degustation.
For sensory analysis, 13 panelists were selected and each person received randomly and consecutively the four attiéké studied during each session that lasted two days (time of attiéké production). A total of 52 samples were distributed per session corresponding to 156 samples for the three tasting sessions.
For hedonic analyses, 78 native tasters received randomly and consecutively the four attiéké studied, during each session. A total of 936 samples were tested during three tasting sessions.
Biochemical Analysis
For each fresh sample, the pH and total titrable acidity were determined. These samples were lyophilized (lyophilisator Christ Alpha 1-2, Gefriertrocknungsanlagen GMBH, Germany-Osterode am Harz), then reduced (crusher MFC, IKA® LABORTECH, Janke & Kunkel GMBH and CO. KG., Germany-Staufen) in flour for analyzing the remain biochemicals.
The pH of 10 g of each sample suspension (90 ml of distilled water), was measured using a pH meter (Calimatic 761, Knick). Then 100 ml of distilled water were added to the mixture and homogenized under magnetic stirring. After addition of 8 drops of phenolphthalein 2%, the solution was titrated with 0.1 M NaOH [18] .
The starch content in 0.1 ml of filtered solution obtained from flour (100 mg) of attiéké, treated with ethanol 40%, was determined by enzymatic way after hydrolysis by amyloglucosidase (enzymatic Kit of Boehringer Mannheim R. Biopharm GMBH, Darmstadt, Germany, 1997). The absorbance was measured at 340 nm with a spectrophotometer (WTW photolab S12). The assays were repeated three times for each sample.
For the study of reducing and total sugars [19] ), 1 g of each sample of attiéké was treated with ethanol (80% v/v) and defecated in the presence of lead acetate solution (10% v/v) and oxalic acid (10% v/v).
The study of hydrocyanic acid was carried out on 100 mg of fresh attiéké flour using the method of picrate [20] .
Physicochemical characteristics of the four prepared attiéké are listed in Table Table 2 . Means ± standard deviations of physicochemical characteristics of attiéké. No approving ethics committee is necessary for the present research.
Hedonic Test
The four attiéké were presented to 78 native Ebrié tasters (70% women and 30% men aged from 24 -50 years), monadically according to 9 levels of appreciation from extremely good to extremely bad. The hedonic tests were repeated three times on the four studied attiéké, in parallel to the three sessions (repetitions) of the quantitative sensory profiling.
Sensory Profiling
1) Panel training
Sensory analysis of attiéké from the four cassava varieties was carried out by a tasting panel trained for the quantitative sensory profiling similar to the Quantitative Descriptive Analysis [21] in an appropriate room at the Swiss Centre of Scientific Research (CSRS), Abidjan. A group of 13 panelists (3 women and 10 men, 22 -45 years of age), including students, laboratory technicians and teachers were trained for tasting attiéké during 12 sessions. During seven-week sessions, panelists were trained and they learned to describe the quality attributes of attiéké and using an unstructured linear scale.
A scale was used for each descriptor and reference products for intensity levels were defined (Figure 2 ). These references were presented to the tasters for better describing the different quality attributes.
Each session of sensory analysis performed during the period of harvesting cassava roots (12 months of age) was preceded by a three-session recycling test.
2) Quantitative sensory profiling A 100 mm unstructured linear scale (minimal intensity = Not at all; maximum intensity = Strong) was used to measure the intensity of each descriptor. The taster was invited to mark the intensity of the sensation perceived for each descriptor with a vertical line. For a tasting session, tasters were divided into two groups. Three sessions corresponding to three sessions were conducted. Each session lasted for two days (duration of attiéké production). The samples were identified by three-digit codes on self-adhesive papers. In a coded hollow dish, 100 -130 g of attiéké (temperature = 30˚C) was distributed monadically and randomly. The panelist were seated separately, one per table.
For the final tests, the proposed scale was linear and unstructured with no references to the extremities.
15 attributes describing organoleptic properties (appearance, odor, aroma, texture and savor) of attiéké were selected. At the level of optical appearance, the descriptors were yellow color, brightness, well-shaped grains, size of grains, round or angular grains, presence of fibers as well as moisture. Furthermore, the intensity and the presence of the characteristic odor of attiéké were evaluated. With the fingers (texture), elasticity of attiéké and cohesion between grains (glue effect) were tested. In the mouth firmness, aroma, granular structure, acid and sweetness were tested. The descriptors of attiéké quality were established compared to reference products.
A total of four attiéké from four selected varieties of cassava were tested 
Statistical Analysis
Statistical analysis was performed using SAS software version 8.0.
A three-factor variance analysis model was used, the three factors being repetition (session corresponds to repetition), panelist (random effect) and attiéké product (attiéké was linked to variety). (Table 2 ) to determine the significant correlations.
A principal component analysis was made for varieties and quality descriptors of attiéké.
The mathematical model of three-factor analysis (with random effect) was as Y ijk = response variable, µ = constant, α i = panelist effect which is random, β j = product effect (fixed variable), γ j = repetition effect (fixed variable), ε jk = product interaction effect * repetition, e ijk = residual errors, The significant threshold was α = 0.05.
Results
Hedonic Evaluation of Attiéké
There was no panelist effect (p = 0.3194), nor a repetition effect (p = 0.1011).
However, there was a product effect (p = 0.0002) as well as repetitive and product interaction effects (p = 0.0319) on hedonic characters. Attiéké of variety IAC (control) had the highest score (7.00) meaning a good level on the 9-point hedonic scale. Attiéké of variety Bonoua obtained the smallest hedonic note (5.30).
The attiéké of the improved varieties Olekanga and TMS 4 (2) 1425 received 6.60 and 6.00, respectively, which indicates a rather good level on the hedonic scale. (Table 3) . 
Definition of the Descriptors of Quality, Mechanical Evaluation and Reference Products
The attributes for describing attiéké were identified first. For profiling 15 appropriate important descriptors of appearance, flavor and texture were selected. Table 4 presents the quality attributes and their reference products that were used only for the training sessions. Table 5 shows the attributes chosen, their definition and the mechanism of appreciation.
Sensory Evaluation of Attiéké
The training of the panel for sensory evaluation of attiéké was a very important step that the panelists were able to clearly identify the testing techniques for the different attributes of attiéké quality. The characters (moist, firm, cohesion between grains, odor, aroma and sweet) were much discussed by the panelists. For aroma and odor attributes, no reference product other than attiéké was found.
The different descriptors considered for sensory measurements were: Yellow color, bright, well-formed grains, grain size, rounded grains, presence of fibers, moist, odor, elastic character, aroma, firm, acid and sweet.
Panelists' Performance and Repetition Variation
A variance analysis model (mixed procedure) was used to evaluate data.
There were panelist, repetition, product as well as repetition and product interaction effects at the level of the dependent variables: yellow color, brightness, presence of fibers, grain cohesion, moisture content and elasticity (Table 6 ). Also three sources of variation were identified: panel, product and repetition.
The panel factor was significant (p < 0.05) for all descriptors tested. The average intensities of panelists for attiéké products were calculated for the different characters tested.
The factor product was very highly significant (p < 0.001) for eight descriptors (yellow, bright, presence of fibers, moist, grain cohesion, elastic, granulous and acid) and highly significant for a single descriptor (aroma). There was a large difference between the four different attiéké studied. However, the factor product was not significant (p > 0.05) for well-formed grains, grain size, rounded grains, attiéké odor, firm and sweet.
The repetition factor was not significant (p > 0.05) in three cases (well-formed grains, rounded grains and aroma). It was significant (p < 0.05) in six cases (grain size, odor, cohesion between grains, elastic, firm, and sweet), highly significant (p < 0.01) for moist and acid and very highly significant (p < 0.001) for yellow, bright, presence of fibers and granular characters. There was a large difference between at least two attiéké of the four cassava varieties studied.
Sensory Profile of Attiéké Studied
The interpretation of the effects of products (attiéké/variety), repetition and interaction (produced * repetition) included each quality descriptor. This allowed the establishment of the sensory profiling of the studied attiéké from the general averages of each quality descriptor ( Figure 5 and Figure 6 ):
The attiéké of TMS 4 (2) 1425 and Olékanga were more yellow than of the two other varieties. However, attiéké of variety IAC was more yellow than of Bonoua. 
Cohesion between grains
Which shows a cohesion between granules or granules pressed against each other
Press the attiéké with your fingertips and judge how the grains stick together by releasing the fingers.
Presser l'attiéké avec le bout des doigts et juger comment les grains se collent entre eux en relâchant les doigts.
In the mouth Dans la bouche Aroma of attiéké Which has a characteristic aroma of attiéké Chew a ball of at least 25 g and appreciate the intensity of the flavor.
Mâcher une boule d'au moins 25 g et apprécier l'intensité de l'arôme.
Firm
Which shows high resistance to distortion Press the attiéké with the teeth (preferably on the first stroke of the chew) and judge whether the food is soft or firm.
Presser l'attiéké avec les dents (de préférence au premier coup de mâche) et constater si l'aliment est mou ou ferme. 
4) Grain size descriptor
The difference between attiéké of local and improved cassava was not significant for the grain size character (p = 0.9021). The comparison of repetitions showed that at least one repetition was different from the two others (p = 0.0413). However, the same size was noted within repetitions for all varieties. The repetition 3 (38.45) had a larger grain size than repetitions 1 (35.73) and 2 (34.23).
5) Grain shape descriptor
There was a significant difference between the four attiéké for the interaction effect between product and repetition concerning grain shape. At repetition 1, the grains of attiéké obtained from variety Bonoua (53.17) were more rounded than those of TMS 4 (2) 1425 (52.50), Olékanga (46.33) and IAC (41.75). In general, variety Bonoua led to more rounded grains compared to the other varieties in all three repetitions. However, there was no variety (p = 0.4802) and repetition effect (p = 0.5549).
6) Presence of fibers descriptor
There was a significant difference in the presence of fibers between attiéké 
12) Firm descriptor
The comparison of the four attiéké showed that there was a significant differ- the difference between the 3 repetitions was significant (p = 0.0184), but repetitions 1 and 3 were not different from each other (p = 0.7165).
13) Granulous descriptor
The difference between means of granulousity of the four attiéké was highly significant (p = 0.0001). Similarly, the difference in repetitions was significant (p < 
Correlations between Sensory Attributes
Pearson correlation coefficients (Table 7) 
Correlations between Sensory Attributes and the Four Attiéké Studied
The principal component analysis of the sensorial profile of the four attiéké is shown in Figures 7(a)-(c) . The table of Attiéké of the improved variety TMS 4 (2) 1425 strongly contributed to axis 3
and was strongly associated with the descriptors: yellow, grain size and rounded grains ( Figure 7(c) ). (Table 8) 
Correlations between Sensory Attributes and Biochemical Characteristics of Attiéké Pearson correlation coefficients
Yellow
Relationship between Hedonic and Organoleptic Qualities of the Attiéké
The sensory properties may strongly contribute to the difference in appreciation by naive tasters of the four attiéké.
The sensory profiles of the studied cassava attiéké revealed that the main differences at the level of quality concern the nine attributes yellow, bright, fibrous, cohesion between grains, elastic, moist, granulous, acid and intensity of aroma.
Attiéké of IAC, the most appreciated cassava variety by naive tasters, exhibited higher scores in acid, granulous, aroma intense, firm and fibrous characters compared to attiéké of the other varieties. One could interpret that consumers are sensitive to these quality parameters. So, with regard to the quality of attiéké Ebrié, it is important the savor being acidulated with a characteristic aroma of attiéké, a granulous and firm texture. Referring to attiéké of variety Olekanga, the quality criteria bright, sweet, cohesion between grains, elastic and moist were important for consumers.
The brightness was highly correlated with yellow and was important for con-Food and Nutrition Sciences sumers of attiéké. The results showed that while attiéké from variety IAC was the most fibrous, it contained few fibers relatively to the average of evaluation. The cohesion between grains was high for attiéké of variety Olekanga and proportional to its moisture content.
According to the references [26] and [27] , the desired viscosity and texture of starches are obtained after cooking in water. The starch granules absorb water corresponding to about 40% to 50% of their weight. However, attiéké starch of the improved variety Olekanga tends to absorb more water than starch of the other examined cassava varieties.
Furthermore, the solubility and viscosity of starch seems to be related to toxicity of cassava variety. According to the reference [28] , starches of bitter cassava varieties are characterized by high solubility and low viscosity. These physicochemical parameters may explain that the bitter variety IAC exhibited attiéké with higher cohesion between grains, lower elasticity and lower moisture compared to the three other varieties.
At the hedonic level, attiéké of the local variety Bonoua was the least appreciated. The characters yellow and bright were the two attributes that may have disqualified this attiéké. This result is in full agreement with [23] who state that the color plays an important role in assessing the quality of foods.
Effect of Cassava Variety and Manufacturing Process on the Organoleptic Quality
Comparison of each quality descriptor revealed that well-formed, rounded grains, odor, and intensity of aroma were highly dependent on the producer or manufacturing process. During preparation of attiéké, producers may well control whether these aspects are sufficiently stable independent of the repetition.
The characters grain size, cohesion between grains, elastic, firm and sweet did not depend on the producer but were linked to the variety of cassava, pressure, nature of starch and fermentation; in other terms they were linked to the manufacturing process.
The references [29] and [30] showed the effect of cultivar and harvest age on organoleptic properties (taste and texture) of boiled cassava roots.
In the present study, characteristics such as odor, aroma intensity and acid taste of attiéké were strongly linked to the manufacturing process, particularly at the stage of heterolactic fermentation of cassava as found by [2] .
The reference [31] reported that spontaneous lactic fermentation produces organic acids, and other volatile compounds that give a characteristic odor to foo-foo (a traditional fermented cassava paste). This production of acidity has been attributed to actions of lactic acid bacteria on carbohydrates of cassava and conditions of the manufacturing process of a traditional paste of fermented cassava flour [32] [33]. The reference [34] reported that there is no significant difference between profiles of acid production during fermentation of different cassava varieties studied in this process. Therefore, odor and aroma of attiéké are 
Relationship between Physicochemical Quality Descriptors
Pearson correlation coefficients between physicochemical quality descriptors of the four attiéké Ebrié showed that sensory characteristics can be predicted by biochemical parameters. When the pH decreased, attiéké became more acid and the grain size decreased. The pH was correlated to the sensory attributes grain size and acid taste of attiéké. Similarly, the acidity rate may well account for size of grains and rounded grains. The acidity rate and pH are related to the evolution of fermentation in cassava roots and the softening of its structure [35] [36] .
A finer semolina may play a role for obtaining large and rounded grains. Therefore, the starch content could account for the descriptors granulousity, brightness, moisture, cohesion between grains and sweetness. This indicates that attiéké containing a high starch content may be more granulous, less moist and have less cohesion between grains as well as a less sweet taste. Cassava of variety Olekanga contained less starch (80% compared to the other varieties used) and attiéké prepared therefrom was less granulous, brighter, moister and with stronger grain cohesion than attiéké of IAC, Bonoua and TMS 4 (2) 1425 (starch content = 94.11%, 97.32%, 86.70%, respectively).
The total sugar content and the reducing sugars could account for the intensity of aroma and odor of attiéké. Carbohydrates are well-known flavor carriers and have a great influence on volatile constituents of food [36] . The presence of carbohydrates alters the sensory perception of aromas.
Conclusions
Sensory profiling of attiéké from four cassava varieties harvested at 12 months revealed a difference between nine determinant descriptors of organoleptic quality based on Pearson correlations. These are: yellow color, acidity, sweetness, odor, firmness, size of grains, well-formed grains, granular character and cohesion of grains. The four attributes, grain size, granular character, firmness and cohesion between grains have been found to be the most relevant textural characteristics for attiéké.
At the hedonic level, attiéké of the local variety Bonoua was the least appreciated. The characters yellow and bright were the two attributes that may have disqualified this attiéké.
Cassava variety and manufacturing process may have an influence on the organoleptic quality of the traditional attiéké Ebrié but do not always affect its quality descriptors.
Some organoleptic characteristics of the analyzed attiéké can be predicted by biochemical properties.
The descriptors selected in the present study could be used for sensory analysis of different types of traditional, improved (standardized) and industrial attiéké produced in Côte d'Ivoire and anywhere else. 
